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II
INTRODUCTION.
This thesis embodies the results of a series of tests made to
determine the mortar making qualities of the sands usually employed
in a number of the most important cities of Illinois.
The subject matter is divided into two parts:- Part 1, Gener-
al Discussion, and Part 2, Tests of Illinois Sands. Part 1 pre-
sents a general discussion of the characteristics of sand, the ef-
fect of these charaotoristics on mortar, the methods of testing
sand, and the interpretation of the results of tests. Part 2 "
describes the testing of thirty-t\7o samples of sand used in import-
ant cities of Illinois. The details of the methods employed in
collecting and testing the samples are first given. A short de-
scription of each sand is next given followed by the conclusions
j,
drawn from the results of the tests. The numerical results of the 1
tests follow in the form of tables and the whole concluded with a
set of plates showing graphically the results of the sieve analysis
.|j
The series of experiments herein described extended over a
period of about four years. Many tests were made by five members
of the senior civil engineering classes in connection with bache-
lor's theses prepared under the direction of the writer. Credit
is due Mr. J. W. McManus,'07, Mr. E. B. Mams, '08, Mr. F. T. Heyle,
*09, and Messrs. G. A. Barth and W, Koestner, '10 for the data thus
obtained. The writer has personally duplicated substantially all
of the tests made by the students, and in addition has made a con-
siderable number of other tests.
Digitized by the Internet Archive
in 2013
http://archive.org/details/studyofmortarmakOOwile
2.
The writer desires to express his appreciation of the gener-
osity of the various city engineers of the state in sending samples
of sands for these tests. The writer is also indebted to Mr. B. L.
Bowling, Assistant in charge of the Cement Laboratory at the Uni-
versity of Illinois, for his assistance in making certain tests
and in supervising the work of the students in the laboratory.

3.
PART 1^.
GENERAL DISCUSSION.
Mortar. Mortar is the material used in filling the joints
of masonry. Its purpose is threefold: -first , to form a solid bed
or resting place for the blocks of stone or other material; second,
to bind these blocks together; and, third, to prevent the entry of
water^.etc. In heavy stonework, the first and last of these require
m.ents are of the greater importance, since the weight of the blocks
is sufficient to hold them in place and they therefore do not need
to be bound together by the mortar. In light stonework or brick-
work the second requirement becomes more important^ since the blocks
are deficient in weight. In concrete work, however, this second
requirement becomes of the greatest importance since the strength
and therefore the value of the concrete depends on the cementing
or binding together of fragments of rock.
Modern mortar consists of some cementing material mixed with
some inert aggregate. The purpose of the aggregate is to increase
the volume of the mortar with some material costing less than the
cementing material and hence to decrease the total cost of the mor-
tar used. The aggregate is usually natural sand or "crushed stone
screenings". The cementing material used in mortar for ordinary
brick
brick^vork is usually lime but in important^work and in concrete it
is always cement. Since the aggregate normally forms from one
half to four -fifths of the mortar, its characteristics exert a
marked influence on the characteristics of the mortar. The prin-
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cipal requirements of a iportar arc strength, both cohesive and ad-
hesive, and durability and its value is gaged by these properties.
The durability of a mortar depends on the durability of the
materials compos ini '>^ A good cement is quite durable under ordinary
condition, and on important work is always tested to make sure that
it is not deficient in this respect. The durability of the sand
depends on its composition. To be durable it must be composed of
such minerals as are durable and not acted on by v/ater, frost, gases^
etc.
g
The stren^n of a mortar is dependent on the strength of the
materials and on the adhesion betv/een the cement and the sand,
hence the strongest mortar is composed of Portland cem.ent and hard,
rough, irregular-grained sand. Mortar is most frequently used
where it is subject to compression but in testing the mortar it is
much more frequent to suject it to tension. This is due to the
fact that tensile tests s.re more easily made than compressive tests
and hence yield more uniform and comparable results. There is,
however, no apparent relation betv/een the tensile and compressive
strengths of mortar, probably on account of the "sharpness" of the
sand (see "Sharpness" p. 6. ) but mortars which possess high tensile
strength also have high compressive strength and hence tensile
tests serve to compare the strengths of different mortars.
Two general laws, frequently called "laws of proportioning",
govern the strength of cem.ent mortars. These laws are:-
For the same cement and the same sand, the strength in-
creases with the amount of cement in a unit volume of the mortar.
2. For the same proportion of cement in a given volume of
of mortar, the strongest mortar is that which has the greatest

density, i.e., contains the largest proportion of solid matter."
(See Baker's Masonry Construction, 10th. Ed. p. 110.)
The first of these laws is the one in cocimon use and is quite
well understood. It must be remembered, however, that the strength
the
does not increase directly with the increase in^amount of cem.ent,
and that the limit is approxirately that of the neat cement. The
second law is less well known but is of great value in determining
the best proportion of cement to use with any particular sand.
Sand
, Sand is rock-r^ml formed either naturally or arti-
ficially by the grinding or crushing of natural rocks. If this
grinding is done by nature the product is known as "natural sand"
or more frequently, simply as "sand". If the product is the re-
it
suit of artificial crushingj^in knovm as "crushed rock", and since
only the finer particles are used as sand, these must be screened
out and hence this material is usually known as "screenings", the
kind of rock used being given in connection with this term.
The characteristics of the sand which affect the character of
the mortar arc its composition, sharpness, cleanness, fineness, and
percentage of voids.
Composition ^ Natural rands, being formed by the processes
of nature, possess quite a diversity of materials in their compo-
sition. Some of these minerals are hard, durable, and of consid-
erable strength, others are soft, friable, and subject to decompo-
sition. Sands which are old, geologically, such as ocean or lal-'e
sands, generally contain a large amount of silica (quartz) which
is both hard and durable. The other materials present are also
likely to be strong and durable since the soft and decomposable
materials would most likely be destroyed in the process of making

the sand. Glacial Bands on the other hand quite frequently con-
tain considerable quantities of detrimental materials. The sands
used in Illinois are almost all of glacial origin and as such show
quite variable composition but on the average they contain little
or no materials whcih are not durable.
Crushed stone screeings show no more variation in componition
than is found in the particular rocks of which they are made.
Sharpness . Sands with grains of irregular shape are called
"sharp". This term, however, is purely relal|;ive as no natural
sand possesses grains which are actually sharp.
Sharp sands are preferable to rounded sands, particularly
under compressive loads, nince the irregular shaped grains v»ill
interlock and set up considerable "internal friction" or resistance
to the movement of the grains, and therefore there is less tendency
for the sand or mortar to squeeze out. This internal resistance
of the sand has little or no effect on the tensile strength, sands
differing only in sharpness showing practically the same tensile
strength. These facts probably account for there being no fixed
relation between the tensile and compressive strengths of mortars.
Another argument often given in favoz- of sharp sands is that
they arc rougher and therefore the cement adheres better and gives
a stronger m.ortar. A close examination of the sands seems to indi-
cate that the opposite is really the true condition, Sharp sands
are always those of more recent formation and hence are those in
which the rocks composing it have been recently broken to pieces.
The fractured surfaces of these pieces, particulary when of the
harder rocks, are most generally very smooth and often quite glassy
On the other hand the rounded grains are those which are older and
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the grains have been rounded by the constant grinding against each
other. In this grinding the smooth surfaces are roughened, ,1ust
as the gloss on a polished surface is removed by sand-paper. This
condition is particularly true of sands containing a large propor-
tion of quartz. '
It is also sometimes claimed that sharp sands contain a larg-
er percentage of voids than rounded sands and therefore require
more cement, but again the reverse seems lo be the true state of
affairs. The statement is evidently based on determinations of the
voids in sands v/hich have been compacted by rammingr This method
of compacting does not allow the sharp grains to shift to any great
extent and therefore the smaller ones do not entirely find their
way into the spaces between the larger
, in this way producing a
considerable percentage of voids. If the sharp sand is compacted
in such a way as to allow the grains to shift the smaller grains
find the vacant spaces, resulting in a decrease in the voids. Sands
with rounded grains will compact about the same either way. Sample
No. 21 (see page 39.), the sharpest of the natural sands shows the
lowest percentage of voids (50.1) although it is not as well graded
|l in sizes as some of the other sands. Likewise the limestone screen-
ings (Sample No. 4.) which are actually "sharp" shov/s a very low
percentage of voids (28.5) when compact 6Dd by jarring, considerably
less than the same sample does when compacted by ramm.ing.
The sharpness of a sand is often tested by rubbing a small
quantity between the fingers and noting the sound produced. This
test is absolutely worthless so far as sharpness is concerned. The
;
sound produced is dependent only on the composition, fineness, and
cleanness of the sand. Two sands, differing only in sharpness will
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produce sounds exactly alike when so tested. (Samplo No. 21, the
sharpest, and the Ottawa Standard Sand, the roundest, are scarcely
distinguishable when tested in this way.) If the sand is dirty^
particularly If the grains are coated, the sound produced is quite
dull, irrespective of the degree of sharpness.
The only sure way to determine the sharpness is to examine
the sand carefully with a magnifier.
Cleanness . The cleanness -of the sand has a very marked ef-
fect on the strength of the mortar. A very thin coating of clay,
loam, or organic matter on the sand grains will prevent the adhe-
sion of the cement and greatly weaken the mortar. If, however, the
foreign material is loose, or is removed from the grains in mix-
ing, it will have no deleterious effect, unless present in very
large quantities, and in some instances may prove to be a positive
benefit. If the sand is quite deficient in fine material, or the
mortar is very lean, the addition of finely divided clay may aid
in filling the voids and thus make the mortar stronger by binding
more of the sand grains together, although the cement itself is
doubtless weakened by this admixture. This, in other words, simply
amounts to using a larger proportion of a somewhat weaker cement.
Since clay, loam, etc. ^ will remain suspended in water for a
considerable time, when finely divided, it is often termed "sus-
pended matter" and ia so designated in the following pages. Sticks,
leaves, straw and the like should never bo allowed in sand and are
'I
not included under the ordinary terra of "cleanness!'
The cleanness of a sand may be judged by squeezing a- handful
of the moist sand. If clean, it will fall apart on opening the hand.
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if very dirty, it will remain sticking together. A better way is
to rub a small quantity of the dry sand on a sheet of white paper.
A clean sand will leave no stain, whereas a dirt;^' sand will discolor
the paper to an extent depending on the amount and character of the
suspended matter. 1
"The cleanness of a sand may be tested quantitatively by ag-
itating a quantity of the sand with water in a graduated flask;
after allowing the mixture to settle the amount of precipitate and
of sand may be read from the graduation. Care should be taken that
the precipitate has fully settled, since it will condense consider-
ably after its upper surface is clearly marked." (Baker's Masonry
Construction, 10th. Ed., p. 87.) This method at best is only
approximate and is open to considerable error. Unless the quantity
of v/ater is large, compared with the sand, a considerable proportion
of the suspended matter will be held by the water in the voids of
the sand and hence is not apparent on the graduation. This tends
to give values v/hich are too low. On the other hand, it is diffi-
cult to determine the dividing line betv^een the sand and the pre-
cipitate, particularly if there is a large amount of very fine
sand. This may produce results which are either too large or teo
small, but it is more likely that the fine sand will be included
in the reading of the precipitate which would give results which
are too large. In addition, the suspended matter being more or
less flocculent never compacts as much as the sand and therefore
the amount read from the graduation is again too large. With sands
which contain a large amount of clay adhering to the grains it is
not all removed by the single agitation and the results then are
entirely too small. In general the results obtained by this m.ethod
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are too large but this is on the safe side if they are to be used
as a basis for the acceptance or rejection of the sand.
The above method rcay be improved by weighing the sand before
testing, then after agitating it with water allow a short time for
the sand to settle and then decant the dirty water. This washing
being continued until the water is not discolored, the sand redried,
tbe loss of weight will give quite accurately the amount of sus-
pended matter. Of course thit? method would require more time but
the increase is not considerable when the accuracy of the determ-
ination is taken into consideration.
For the details of this method as employed by the writer in
the tests of Illinois sands see page 24,
The material removed in this way is extremely fine, and if it
could be separated by sifting would pass the very finest sieve.
Mr. B. L. Bowling, Assistant in charge of the Cement Laboratory at
the University of Illinois, found that with a fair average sand
containing about 1,5% of suspended matter, almost exactly the sam.e
amounts passed the No. 200, 150, and 100 sieves, whether the sus-
pended matter had been removed before sifting or not. This indi-
cates that the greater part of the suspended matter normally re-
mains distributed throughout the sand, adhering as dust to the
grains, and is therefore not separated by sifting. For this reas-
on the test for cleanness should always be made before the sieve
analysis (see page 14»)and the washed sand used in the latter test,
and the amount of suspended matter added to the amount of material
passing the finest sieve.
The amount of suspended matter in natural sands is quite
variable. River and lake sands are usually the cleanest, rarely

11.
containing more than about 1.0^ of suspended matter. Bank: sands
frequently contain 3.0 to 4.0^, and much larger quantities than
these are not unconmon. The cleanest bank sand tested by the
writer contained but 0.2^ of material in suspension and the dirt-
iest contained 18.3^.
The amount of suspended matter in a sand is also quite de-
oeptive, and often misleads an engineer in his opinion as to the \
fitness of the sand. If the suspended matter, even in small quant-i!
ities, is free the dry sand will appear quite dusty and will "smokeT
in handling, often resulting in the sand being undeservedly reject-
ed as "too dirty". At the same time a very dirty sand may be accept-
ii
ed because the dirt adheres to the grains and is not so evident in'!
the handling. These conditions are well illustrated by the sands
from Bloomington and Joiiet. (Samples No. 7 and 18.) The former
was reported by the city engineer as "too dirty for concrete". It '
contained S»0% of suspended matter but showed a considerably higher
tensile strength than several of the cleanest river sands which
the same engineer v/ould probably have used without question. The
latter was reported by the city engineer as "being usod in all
j
kinds of work". It contained 18.3^ of suspended matter and the ten-
sile tests showed it to be almost the weakest sand tested.
Sands are sometimes washed to remove the dirt. Any method
of washing? which is likely to be used in cleaning sands in commerc-
ial quantities will usually removo a large part of the fine sand '
with the dirt. If the amount of fine material is small this may
result in a weakening of the mortal made from the sand. If the
sand is vory dirty, or the grains thoroughly coated with clay, the
washing may greatly improve the mortar. In the case of the sand
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from Joliot, mentioned above, the tensile Btrength at tv/enty-eight
days was increased about 35^ by a thorough washing.
Voids * The second law of proportioning (see page 4. )
states that for the same proportion of cement, the sand giving the
lowest percentage of voids yields the strongest mortar, or, in-
other words, the sand with the lowest percentage of voids will
give the strongest mortar with the least cement.
The percentage of voids in a sand depends on the amount of
compacting of the sand and on the gradation of the sizes of the
sand grains. Experience has shown that the amount of compacting
varies with the m.ethod of compacting employed and therefore in de-
termining the voids in different sands some method of compacting
should be adopted which will compact all alike and thus secure
comparable results. Whenever the results of the determination of
the voids in sand is given, the method of compacting the sand and of
making the determination should also be given.
There are two general methods of determining the percentage
of voids in sand, which for convenience may be called the "direct
measurement method" and the"specific gravity method".
The direct measurement method consists in filling a vessel of
known capacity with sand and v/ater, both being brought to the same
level. Since the water just fills the voids, if the volume of sand
used and of the v/ater used are known the percentage of voids is
easily computed.
The vessel my be filled with dry, compacted sand and the
water poured into it until the water just comes to the surface and
the amount of sand and of v/ater used determined. This method is
subject to considerable error, due to the air which normally fills

the voids not entirely escaping and thus preventing the v/ater from
entirely filling them. Results obtained in this way are always too
small and not uniform.
The vessel may be filled by adding the sand and water in small
increments and compacting the sand by shaking, both the sand and
water being kept at about the same level and finally brought to the
same level when the capacity of the vessel is reached. The results
obtained by this method are also unreliable, due to irregularity in
compacting the sand and to the "swelling" of the sand due to cap-
illarity and surface tension. The results are particularly poor
with very fine sands.
The specific gravity method is, on the whole, much the most
satisfactory. The specific gravity of the sand is first determined
independently, a Schuman Specific Gravity Flask being quite con-
venient for the purpose although not essential. A versel of known
capacity is them filled with dry sand, compacted by some method to
secure uniform results, and the weight of the sand used determined.
The data to be used is therefore the specific gravity of the sand
and the weight of a given volume of the sand. If now the given
volume is multiplied by the specific gravity of the sand the product
lis the weight of an equal volume of solid sand, i.e., sand contain-
ing no voids. Denote this value by S. The difference between this
|j
weight (S) and the actual weight of the given volume of the sand (W)
is the weight of a mass of solid sand equal in volume to the voids
in the actual sand, hence the ratio of voids to the total volume is
equal to —T^JL . Since the amount of voids is usually expressd in
o
percente of the total volume the percentage of voids is 100-^ "
S
ii The uniformity of the results obtained by this method depends
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on the care taken to secure uniformity in the compacting of the
Band. For the details of the method used by the writer see page 27
Fineness . The finenese of the sand bears an important re-
lation to the strength of the mortar. Coarse sand is usually pref-
erable to fine since there is less surface to be covered by the
cement, and hence less cement is required. The fine nand and the
coarse sand may, however, contain the same percentage of voids and
for that reason require the same amount of cement, but even in that
case the coarse sand will ordinarily yield the stronger mortar.
A sand in which there is the proper gradation of sizes of grains
will contain the lowest percentage of voids and in accordance with
the second law of proportioning will require the least cement to
form the strongest mortar.
The sizes of the grains in natural sands varies from micro-
scopic to the largest bowlders. The coarse material is termed
"gravel" and the fine material "sand" but the dividing line be-
tween sand and gravel is purely arbitrary. The maximum size of
grains to be considered as sand is taken by different authorities
from 1/8 to 3/8 inches. Several American writers have adopted
0.2 in. as the maximiim size of sand grains^ and the writer has also
adopted this size (0.2 in.) as the size to be used. The size
of particles of crushed stone is limited by the size which can pass
the crusher, but in comparing the screenings with natural sands
the same maximum size should be used for both materials.
The fineness of a sand is determined by passing it through
a series of sieves having meshes of different sizes and determining
the percentage of the whole passing each sieve. The sieves used
for this purpose are made of standard wire cloth having from five
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to two hundred meshes per linear inch. There does not seem to be a
great deal of uniformity in the sizes chosen by different observers
but it would be of a great deal of advantage in making comparisons
if all used the sare. After a careful study of the sieve analyses
made at the University of Illinois and at the U. S. Testing Labor-
atory at St, Louis the writer recommends the following set as the
most satisfactory for laboratory uset- Standard meshes No. 5, 8, 16,
30, 60, 100, 200, and the pan. The use of but these seven sieves
materially reduces the labor of making the test and the results
are as satisfactory as when a larger number of sieves are used.
For field use a set composed of Nos. 100, 50, 16, and pan v^rill be
very convenient and satisfactory.
Sieve analysis curves are graphical representations of the
results of the sifting. They are usually platted with diameter of
grains as abscissas and peroents passing (smaller than given diam-
eter) as ordinates. This method of platting gives a continuously
ascending curve. Sometimes the curves are platted with the per-
centage retained between each pair of sieves as ordinates but curves
of this kind are saw-toothed and difficult of interpretation and
comparison.
Taylor and Thompson in their book entitled "Concrete, Plain
and Reinforced", state that a material for which the sieve analysis
curves approaches a parabola has the least voids. For convenience
this will be referred to as "parabolic grading". In Bulletin No.
331 of the U. S. Geological survey comparisons were made with a
line of "uniform, grading". Some tests by the v^riter seemed to
indicate that since the material passing the No. 100 sieve (includ-
ing the suspended matter) is practically as fine as the cement, it
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should not be included with the sand and therefore the parabola
should cross the axis of abscissas at the ordinate for the No. 100
sieve. (Further tests did not confirm this^ Thit> will be referred
to as "modified parabolic grading".
In order to make a comparison of these different gradings the
writer prepared, artificially, a sample of sand graded in accordance
v;ith each, using material screened from a good building sand. On
determining the voids it was found that the parabolic grading gave
21.1^, the uniform grading 30.6^ and the modified pQ.rabolic grading
30.4^:'. It will be noted that there is little difference in the
amount of voids between the modified parabolic and the uniform
gradings, but that the parabolic grading with 17^ of material pass-
ing the No. 100 sieve reduced the voids almost one-third. Each of
these sands was then mixed with cement in the proportion of 1:3 by
weight and the voids redetermined. The parabolic grading gave
22.9^, the nodified parabolic, 22.0^ and the uniform, 21.6^. Note
that the uniformly graded sand, which contained the most voids,
gave the least when mixed with the cement. Briquettes of these
m.ixtures were broken at the age of seven days. The tensile strengths
of the parabolic, modified parabolic and uniform gradings were,
192, 257, and 277 lb., respectively. It will be noted that these
results are in accordance v/ith the second law of proportioning.
Fuller further discovered that there should be an
excess of fine material over that iiidicated by the parabola, when
the cement was included in the material, to secure to densest and
strongest mortar. Both the modified parabolic grading and the
uniform grading show such an excess when mixed with the cement
and the difference of their strengths is not considerable (201b.)
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The tensile strength of the parabolic graded sand is quite low,
coir.pn.ratively, and is probably due to ^ too great an excess of fine
material. The parabola calls for 17^ to pass the No. 100 sieve, and
since 2bfj of the mixture was cement, the cement was mixed with about
I
50fo of its own weight of material as fine as itself which resulted
in a weakening of the cement paste binding the sand grains together.
Plate 53 shov/s the sieve analysis curves of these artificial
sands and also of the 1:3 mixtures with cement.
It has been quite definitely determined (the above experiments
shov/ the same) that the cement should be included in making the
tests for voids to secure the maximum density and strength. This
is simply another v;ay of saying that the second law of proportion-
ing should not be interpreted to mean that the sand \Tith the low-
est percentage of voids will give the greatest strength when mixed
v;ith a given amount of cement; but that the sand v/hich, when mixed
v/ith a given amount of cement, gives the lowest percentage of voids
will give the strongest mortar.
Natural sands are usually deficient both in very fine mater-
ial and in coarse grains, the excess usually being between the i
No. 40 and No. 60 sieves. Natural sands therefore show a high per-
centage of voids as compared with a sand of parabolic grading but
when milled with cement give very dense mortars.
Increase of Strength . The rate of increase in the tensile
strength^is quite variable, depending on the fineness of the sand,
the hardness of the grains and the amount and distribution of the
suspended matter. Dirty sands, as a rule, reach almost their
i
maximum strength at an early age. This is on account of the ad-
hesion of the cement to the sand grains is less than the strength
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of the cement, and tlio increaae of strength after the maximum ad-
g
hesive strenth is reachod is due to the increase of strength in
the oemont itself. Clean, rough sands develop thoir maximum
strength more slowly, since the maximum adhesive strength is not
reached until the cement has attained almost its full strength.
For these reasons 7-day tests are of little value for comparison
of different sands ard those made at 28-days are not as reliable
as those of QO-days. Tests made at 28-days are sufficently oompar
able for commercial work, however.
Weight of Sand . The weight of sand depends on the specific
gravity, the percentage of voids, the compactness, and the contained
moisture. The weight is easily computed from the data taken in
determining the percentage of voids.
Dry sands, well compacted by jarring, weigh from 100 to 116
pounds per cubic foot. An average sand weighs about 112 lb. Tf
the sands are loose instead of compacted the weight is about 20^
less#
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SPECIFICATIONS
General
Definition . The term "Band" shall be understood to mean
natural sand whioh has been screened to pass a sieve having square
openings of 0.2 of an inch.
matertals
Composition * The sand shall be oomposed of rock^ v/hich
are hard, tough, and durable. Quartz sands are the best but lime-
stone, granite, flint and chert are not objectionable, providing
they do not aggregate more than 50fo of the wh61e. Ocherous rocks,
feldspar, shale and similar rocks which are soft or are likely to
decompose are objectionable if present in more than very small
quantities
,
Sharpness . Sands with grains of irregular shape are
preferable to those with rounded grains, but this shall not be a
basis for the rejection of a sand fulfilling these specifications
in all other respects.
Cleanness . The sand must be free from lumps of clay,
loam, or other foreign material, and the grains must not be coated
with such material to such an extent that it is not easily re-
moved by v/etting.
No sticks, shavings, chips, paper, straw, grass, leaves, or
similar material are allowable under any conditions.
No. 1. Sand .
Sand to be used in first class masonry of all kinds, re-
quiring maximum strength, and in reinforced concrete, shall be
known as "No.l. Sand", and in addition to the above specifications
shall conform &o the following:-
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Cleanness * No. 1. Sand shall not contain more than 4,0^ by
weight of suspended matter composed of finely divided clay or loam,
when tested as follows:- A weighed sample of the sand of not less
than two pounds shall he thoroughly agitated with water in a vessel
about ten inches deep and holding about one gallon. After allowing
at least one minute for the sand to settle the dirty water shall be
siphoned off with a tube not more than 3/8" in internal diameter,
care being taken that the sand is not disturbed or the water drawn
dovm to within less than one inch of the surface. This washing
process shall bo continued until the water shows no discoloration.
The sand shall then be removed and as much water drained from it
as possible. After drying for at least 24 hours at a temperature of
about 200° F. or by exposure in a thin layer for at least 48 hours
to dry, warm air, it shall be reweighed. The loss of weight shall
be considered as the amount of suspended matter and the percentage
of the whole sample computed.
Fineness . The sand shall be well graded in sizes of grains.
Uet less than 20^ nor more than 60 fc by weij;ht shall pass the No. 16
issieve and not less than Zfo nor more than 8^, _ including the suspended
matter, shall pass the No. 100 sieve.
Voids . The voids in the dry sand, when well shaken, shall not
exceed 31.0^ of the total volume.
Tensile Strength
.
Briquettes of mortar in the proportion of
1:3 by weight, when tested at 28 days shall develop not less than
35^ of the tensile strength of the neat cement at the same age.
No. 2. Sand .
Gand for use in monolithic concrete, concrete sidewalks,
ordinary masonry and similar work not requiring maximum strength
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shall be known as "No. 2. Sand". It shall fulfill the above spec-
ifioationa except as follows :-
Cleanness . The amount of suspended matter shall not exceed
Fineness . Not less than 20^ nor more than QOfo by weight shall
pass the No. 16 sieve and not less than zfo nor more than 20^, includ-
ing the suspended matter shall pass the No. 100 sieve.
Voids . The voids shall not exceed 33.0^ of the volume.
of 1:3 mortar
Tensi le Strength . The tensile streiigth at 28 days shall not
be less than 25^ of that of the neat cement.
Plastering Sand .
Sand for interior plastering shall conform to the spec-
fications for No. 2. Sand.
The sand for the finishing coat, hoy/ever, shall be of the
requisite fineness to give the desired finish.
Sand for Pavement Filler .
Sand to be used in making grout filler for brick pavo-
monts shall conform to the above specifications for No. 2, Sand,
except as follows:-
Fineness . All (100^) shall pass the No. 16 sieve.
Voids . The voids shall not constitute more than 37.0^ of the
volume.
of H3mort^ir
Tensile Strength . The tensile strength at 29 days shall not
be loss than 20,0^ of that of the neat cement.
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TESTS OF ILLINOIS SANDS .
Collection of Samples
.
Nearly all of the samples of sand
used in these tests were donated for the purpose by various cities
of the state, through the courtesy of their respective city engin-
eers. A few of the samples were collected personally by students
of the University of Illinois in connection with the preparation
of their bachelor's theses.
The following list gives the names of the cities contribut-
in samples together with the "Sample Numbers" of the sands con-
tributed by each.
Aurora 17. Galesburg 13.
Beardstown 27. Jacksonville 26.
Bloomington 7. Joliet 18.
Cairo 25. Moline 19.
Champaign 12, Mt. Carmel ....... .28.
Chicago. .. .1,2,3,4. Paris 23.
Decatur 14. Roclcford 8.
E.. St. Louis.... 21. Springfield. .9,10,11.
Elgin....* 5,6. Taylorville 24.
Freeport . , . . .15, 16. Waukegan 22.
Samples No. 20, 29, 30, 31, and 32 were collected by students.
These samples v/ere shipped to the laboratory for the most
part in double duck or grain bags, some few of the coarser ones
in single bags, and a few in boxes.
As soon as a sample was received it v;as given a "Sample
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Number" by which to identify it in the tests. These Sample Nuun-
bers and the names of the various sands are given in all of the
j
I
tables. It will be noted that the name is not always that of the
city donating the sample but is the name of the place near which
the deposit is located.
The sands were first screened through a sieve having open-
ings of 0,8 in. They werethen placed on a steam heated drier and
allov/ed to dry for at least twenty-four hours after which they were i|
stored in wooden lockers in a room maintained at about 70°F» until
wanted for testing.
j
Tensile Stren^gtii. The cement used in making the tensile
tests was the "Chicago AA, Portland". This particular brand was
chosen entirely on account of the ease of obtaining it on the
local market. Each bag of it was tested before using and as a re-
sult of these tests it was found that the different bags, although
bought at several different times, were quite uniform in quality.
The average amount passing the No. 100 sieve was 95fo and passing
the No. 200 sieve 80^. The average amount of water required for
normal consistancy was 21%, Thr tensile strength of the neat
cement is given in Table 1, p. 49 .
The mortar used was in the proportion of 1:3 by weight In
every case and was mixed with 9% of water, corresponding to the
2lfo required by the neat cement. This amount of water was ample
for use with the hard grained, clean sands but with the softer
|
\
and dirtier sands the resulting mortar was often quite dry. It is
not believed, however, that this has any appreciable effect on the
tests, particularly those at twenty-eight and ninety days.
The mortar was mixed in batches of 1000 grams (250 grams of
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cement and 750 grams of sand) and six standard briquettes molded
from each batch. Three batches (18 briquettes) were made from
each sand and two briquettes from each batch (6 in all) were
|
broken at each of the three ages of 7, 28, and 90 days.
After molding, the briquettes were stored in moist air for
about twenty-four hours when they were removed from the molds !l
and stored in flo\7ing water maintained at about 70° P. On reaoh-
II
ing the proper age they were removed from the water and at once
broken in a "Riehle Automatic Cement Testing Machine" applying
the load at the rate of 600 lb. per minute.
jj
The results of these tests are given in Table 1, pp. 49 - 51.
Cleanness. The sand was tested for suspended matter as i
follows:- I
1000 grams of the dried sand was placed in a vessel of
about one gallon capacity and thoroughly agitated with v/ater. The
mixture v;as then allowed to settle for about one minute, experi-
ence showing that this ordinarily allowed sufficient time for
||
the sand to settle. The dirty water was then siphoned off with
a rubber tube, care being taken to keep the end of the tube
just below the surface of the water and also not to draw the water
off to within less than one inch of the sand. The vessel was then
!
refilled with clean water and the process repeated until the water
showed no discoloration. The water was then carefully siphoned
off and the sand transferred to a small pan. As much of the
water as possible was then removed by jarring the sand until the
water flushed to the top when it was removed with a pipette. The
pan was then placed on the steam coil and the sand allowed to
dry for at least twenty-four hours. It was then reweighed and the

difference between this new weight and the original 1000 grams,
which was the amount of suspended matter removed, determined. The
washed sand was then used in making the sieve analysis. '
The time required to perform this washing operation varied
ij
from about fifteen minutes for the cleanest sands to about 2^ hours
for the dirtiest, the average time being about one hour. With I
the dirty sand it was usually found necessary to "scrub" the sand
^
between the hands to break and entirely removed the coating of clay
from the grains.
|
The results of these tests are given in Table 2, p. 52.
j
Sieve Analysis . The nest of sieves used in the sieve analy-
sis consisted of the following numbers:- 5, 8, 10, 16, 20, 30, 40,
60, 74, 100, 150, 200, and the pan. In a number of the earlier
tests the numbers 5, 10, "150, and 200 were omitted.
|j
The sand having previouslj'' been washed to remove the suspend-
ed matter as explained above was placed on the top sieve of the
nest and the whole shaken for forty minutes on a "Per Se Testing
Sieve Agitator" driven by power at 100 r.p.n. Experience showed
that forty minutes was sufficient to properly sift a sample of
about 1000 grams except in the cases of the very finest sands and
wit>^ these samples of but 500 grams v/ere used. It was also desir-
able to use but 500 grams of the fine sands in order to protect
the fine sieves from injury by a large mass of sand being retained
on them. The sand on each sieve was then carefully weighed and
from these weights the amount passing and thence the percent passing
each sieve was calculated.
|
The results of these tests are given in Table 2, p. 52.
Plates 1 to 32 inclusive show the "Sieve Analysis Curves" of the

26.
varlouR sands. These curves are plotted from the data given in
j
Table 2,
Specific Gravity . The specific gravity wan determined by I
means of a Schuman Specific Gravity Flask. This flask consists
of a bulb or bottle into the neck of which there fits, with a ||
ground joint, a long graduated glass stem. The bulb was first
filled with water and the stem inserted. More water was then
|
admitted through a long stemmed funnel until it was above the zero
of the graduations. The funnel was then carefully removed so as
not to wet the inside of the graduated stem. Fifty grams of sand,
carefully weighed, was then intoduced into the bulb in a fine
{
stream so as to permit the air to escape and also not to stop up
the tube. After allowing a minute or two for the water to clear,
at the same time rocking the apparatus so that any air carried in
by the sand might escape, the height of the water in the stem was
again read. The difference between the two readings gave the vol-
ume of water displaced by 50 grams of sand, and since a cubic
centimeter of water weighed practically one gram this also gave
the weight of the water displaced. Another fifty grams of the
same sand was immediately introduced in the same way thus giving
two determinations of the displacement of 50 grams of sand, the
sum of v/hich should check with the difference between the initial
and final readings which gave the displacement of 100 grams.
Since the specific gravity of a body is equal to its weight
divided by the weight of an equal volume of water the specific
jj
gravity of the sands was easily determined from data taken as above.
The specific gravities of the various sands are given in Table 3,
p. 53.
I

Voids. Preparatory to dotGrmining the voids in the sands
the writer made a member of experiments from which the follov/ing
conclusions were drawn. First, that the amount of voids varies
with the compactness of the sand} second, that the com.pactness
of the sand varies with the method of compacting; third, that
uniform results for the same sand can be obtained only by employ-
ing uniform methods and that for different sands some method af-
fected but little by the fineness or sharpness of the sand; fourth
that the specific gravity method is the most reliable.
Some method of procedur^e was therefore desired which would
compact all sands to the same extent, v;ould be easy to perform,
and could make use of a limited quantity of sand. After a number
of trials the method described below was adopted as the most sat-
isfactory.
The vessel used was a 500 c.c. graduated cylinder. The
weight of the cylinder v/as first determined. About 20 c.c. of
dry sand v^as then poured into it and compacted by jarring. This
jarring was accomplished by pounding the cylinder on a pad com-
posed of eight thicknesses of heavy cotton flannel, giving twelve
blows v;ith a drop of about one inch, and taking care that the cyl-
inder struck squarely and not too hard so that the sand was not
"bounced" or tlirown from side to side. Successive increments of
sands were added in this jnanner until the cylinder v/as filled. It
was then weighed and the difference between this weight and the
weight of the cylinder gave the weight of the 500c. c. of sand.
Then knowing the specific gravity of the sand the percentage of
voids T/as computed as explained on page 13 • The weight per
cu, ft. was easily computed from the weight per 500c. c.
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The weight of 500c. c. obtainGd by this method were remark-
ably uniform, not only v/hen performed by the same person, but
when different persons made obsorvations on the same sand. The
maximum variation from the mean of five determinations made by the
same observer was but 7^ grams or about 0»8f? . The maximum var-
iation between the results of different observers on the sam-e sand
was about 1.5^.
Composition and Sharpness . The sands were all carefully
examined under a magnifier having a power of about four diameters
to determine the approximate composition and the relative sharp-
ness. At the same time the distribution and character of the
contained clay or other suspended matter v/as noted.
Photographs . Each sand was photographed full size, care
being taken to secure a representative surface for photographing.
These pictures (Figs. to 32 inclusive) show the general appear-
ance of the sands quite well.
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DESCRIPTION OF SANDS.
FIG. 0.
Sample Ho. 0. (Fi.o;, 0,) This aand is
kno\vn as the "Ottawa Standard Sand, 20-30."
It comes from the St. Peter formation near
Ottawa and is screened to paas the No. 20
sieve and to be retained on the No. 30. This
sand is oomposed of almost pure quartz and
contains practically no suspended matter. The
grains are almost globular in shape and nearly
transparent. The specific gravity is 2.66, the weight per cu. ft.
108.7 lb., and the percentage of voids 34.6 •
Sample No. 1 . (Pig. 1.) This sand is
furnished by the Knickerbocker Ice Co., Chica-
go and although reported as a bank sand it is
evidently a sand from along the shore of Lake
Michigan. It is yellowish in color and is
composed almost entirely of quartz. A large
proportion of the grains are fairly angular
7/ith rather sharp edges. As shown by the
sieve analysis (see Plate 1.) this sand is very fine, 99.8^ pass-
ing the No .16 sieve and 69.5^ the No. 60 sieve. There is only 0.3^
of suspended matter. The specific gravity is 2.655, the weight
per cu. ft. 105.8 lb., and the percentage of voids 36-2 .
Sample No. 2. (Fig. 2.) This is a bank sand also of lake
origin furnished by the Zander-Reum Co., Plasterers, Chicago. It
is light gray in color and is composed principally of quartz with
a small proportion of granite, flint, and limestone. The sieve
FIG. 1.

FIG. 2.
analysis (see Plato 2) shows this sand to
be slightly coarser and somewhat better
graded than Sample No. 1., 94.7^ passing
the No. 16 sieve and 25.9^ the No. 60.
It contains but 0.3^ of suspended matter.
The specific gravity is 2.655, the
weight per cu. ft. 108.0 lb. and the per-
centage of voids 34.4 .
Sample No. 5. (Fig. 3.) This is an-
other lake sand furnished by the Kniokor-
booker Ice Co., Chicago. It is light gray
in color. The smaller grains are princi-
pally quartz while the larger are almost
entirely granite, flint, limestone and chert.
The sieve analysis (see Plate 3) shov/s this
sand to be better graded than either of the
preceeding samples. The suspended matter amounts to O.SJ^. The
percentage of voids is rather low for a sand showing a sieve an
alysis curve of this character being but 31.6 . The specific
gravity is 2.695 and the weight per ou. ft. 115.1 lb.
Sample No. 4 . (Fig. 4.) This is a
sample of Joliot limestone screenings and
vras being used in Chicago. The stone is very
close and even grained and possesses a vory
light blue tint. In crushing some of it
passes into very fine dust but since the stone "-"Z-"- _J
used was quite clean no test for suspended
PIG. 4.
FIG. 3.
V

matter was made. An examination of the sieve analysis curve
(Plate 4. ) shows that this sample is almost uniformly graded
and by comparing this curve with the others it will be seen that
it is the only one which even approximates this grading. This
sample also shows the lowest percentage of voids. The specific
gravity is 2.75, the weight per cu. ft. 122,8 lb., and the per-
centage of voids 28.5.
Sample No. 5. (Fig. 5.) This sample of
sand is from the Hamond Pit of the Chicago
Gravel Co., near Elgin. It is yellowish gray
in color and contains less quartz than an av-
erage sand. The other materials being prin-
cipally limestone, flint, and chert. This is
one of the coarsest sands tested, 55.0 pass-
ing the No. 16 sieve and 7.4^ the No. 60. The FIG. 5.
sieve analysis curve as shown by Plate 5 lies closest to the
parabolic curve with the single exception of that of Sample No. 14,
(see Plate 14) This sand vms reported as a "washed" sand but it
contains 1.0^ of suspended matter, a trifle more than Sample No.
6
which is a "screened" sand from the same locality. The specifio
gravity is 2.72, the weight per ou. ft. 115.7 lb. and the per-
centage of voids 31.9 •
Sample No. 6 . (Fig. 6.) This is a
screened sand from the Stimpson Pit near
lUlgin. It is grayish yellow in color and
contains a small proportion of flint, granite
and jchert. It is a little exceptional in
that the fine grains are the more angular
FIG. 6.
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FIG. 7.
the larger grains being well rounded. The sieve analysis ( see
Plate 6.) shows this sand to be somewhat finer than Sample No. 5.
The specific gravity is 2.68, the weight per cu. ft. 114.4 lb.
and the voids 31.6^.
Sample No. 7 . (Fig. 7.) This is a bank
sand obtained along Sugar Creek, near Bloom-
ington. It is quite uniform in quality and
has been used a great deal in pavement found-
ations and brickwork but has been considered
unfit for concrete on account of its "dirty"
condition. It actually contains 8.0^ of
suspended matter, but the tensile tests (see
Table 1, pp. 44.) shows that it makes a stronger mortar than sev-
eral of the very cleanest sands tested. It is fairly well graded
as shown by the sieve analysis (see Plate 7.) and is rather coarse,
69.9^ passing the No. 16 sieve. The specific gravity is 2.625, the
weight per cu. ft. 113.8 lb. and the percentage of voids 30.7 •.
Sample No. 8. (Fig. 3.) This is a
bank sand from near Rockford. The deposits
are large and quite uniform in quality. The
o
sand is light gray in coir and contains oon-
A
siderable chert with some limestone and flint.
The sieve analysis (see Plate 8) shows it to
be fairly well graded. The amount of sus-
pended matter is 0.6^, the specific gravity
2.665, the weight per cu. ft. 113. lb., and the percentage of
voids. 32.0 •
FIG. 8.
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Sample TIo. 9 « (Fig. 9.) This is a
gample of the sand used in the construction
of the Supreme Court Building at Springfield
and is a bank sand from near Lincoln. It is
dark gray in color and nearly half of it is
composed of flint, granite and limestone.
The grains are all well rounded. It is
fairly well graded (see Plate 9.), 65.8^ pass-
ing the No. 16 sieve and 6.5^ the No. 60. There is l.lfo of sus-
pended matter, principally clay, which adheres to the grains.
The specific gravity is 8.65, the weight per cu. ft. 111.9 lb.,
and the percentage of voids 32.4 •
Sample No. 10 . (Fig. 10) This is a bar
sand from near Alton. It is dark gray in color
and contains some flint granite and limestone.
There is but 0.3^ of suspended matter. The
sieve analysis (see Plate 10.) shows it to be
very fine, 90.3^ passing the No. 16 sieve. The
specific gravity is 2.63, the weight per cu.ft.
112.5 lb., and the percentage of voids 31.5 •
Sample No. 11 . (Fig. ii.) This is also
a bar sand from near Alton. It is brownish
gray in color and contains some flint and lime-
stone. There is also a small amount of coal
and cinders present, probably as the result of
transportation. The finer grains are well
rounded but the coarser grains are more angu-
lar than usual. The sieve analysis (see
FIG. 10.
FIG. 11,
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Plate 11) shows this 3and to be quite fine, 80. 0^^ passing the
No. 16 sieve. The amount of suspended matter is 0,2%, the specif-
ic gravity 2.66, the weight per cu. ft. 114.5 lb., and the per-
centage of voids 31.0
Sample No. 12 . (Fig. 12.) This sand,
used in large quantities in and about the cit-
ies of Champaign and Urbana, is a bank sand
from along the Wabash River near Covington, Ind*
It is of a yellowish gray color and contains
some flint, limestone and shale. The grains
are o.ll well rounded. The sieve analysis (see
FIG. 12.
Plate 12) shows this sand to be fairly well
graded and rather coarse, the excess of material being between
the No. 8 and No. 16 sievos. There is 1.5^ of suspended roatter,
principally clay which does not adhere to the grains. The specif-
ic gravity is 2.66, the weight per cu. ft. 110.4 lb., and the
percentage of voids 33.5 •
Sample No. 15. (Fig. 13.) This is a
bank sand from near Gladstone. It is gray in
color and contains some granite and flint.
The grains are all moderately angular. It is
quite fine, 97.9^ passing the No. 16 sieve and
12.9^ the No. 60. (See Plate 13.) This is the
cleanest of the bamk sands there being but
0.2^ of suspended matter. The specific gravity FIG. 13.
is 2.655, the weight per cu. ft. 106.3 lb,, and the voids 35.8^.
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Sample No, 14. (Fig. 14.) This sand
is screened from bank gravel found along the
Sangamon River near Decatur. It is brownish
gray in color and contains conoiderable flint,
gra.nite, limestone, shale and ocherous rocks.
A considerable portion of the grains are rather
soft and were actually ruptured in the tensile
tests. In spite of this the sand shows the
second highest tensile strength and if the grains were harder
would undoubtedly yield the strongest mortar. There is 2.5^ of
suspended matter but the tensile strength is not appreciably af-
fected by v/ashing. The sieve analysis curve as shown by Plate 14
lies the nearest to parabola and the percentage of voids is the
lowest with the exception of the limestone screenings (Sample No.<^
and Sample No. 81. The specific gravity is 2,66, the weight
per cu. ft. 115.8 lb., and the percentage of voids 30.3 •
Sample No. 15 . (Pig. 15.) This is a
bank sand from near Freeport. It is yellow
in color due to 1.3^ of clay which adheres
quite tightly to the grains. It contains some
flint, limestone, and granite. The sieve an-
alysis (see Plate 15) shows the sand to be
moderately fine, 82.5^ passing the No. 16 sieve.
FIG. 15.
The specific gravity is high (2.7S) and the
grains are quite hard although well rounded and if washed to
break the coating of clay this would likely be an excellent
sand. The weight per cu. ft. is 113.9 lb. and the percentage
of voids 33.0
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FIG. 16.
Samplo No. 16 . (Fig. 16.) This is a
sample of Freeport Sandstone screenings. The
stone is rather soft which probably accounts
for the comparatively low tensile strength,
(269 lb. at 90 days) the fragments frequently
being ruptured in the test. The sieve analy-
sis (see Plate 16.) shows this sample to be
deficient in very fine material, only 4.2^
passing the No. 60 sieve. There is no suspended matter and the
lack of fine material is due to the stone being composed of fine
quartz sand cemented together and in the crushing the grains are
simply separated and not broken up. The specific gravity is
2.705, the weight per ou.ft. 112,2 lb., and the percentage of
voids 33.3 •
Sample No. 17^. (Fig. 17.) This sand is
screened from a bank gravel found near Aurora.
It is yellowish in color and contains some
shale. The grains are rounded and are coated
with the suspended matter of which there is
0.5/^. The sieve analysis (see Plate 17.) ind-
icates that while not well graded this sand
is comparatively coarse, 61.3^ passing the
No. 16 sieve. The specific gravity is 2.72, the weight per ou. ft.
111.7 lb., and the percentage of voids 34.2 •
Sample No. IB . (Fig. 18a.) (See Sample No. 18W also) This
sand comes from the Fuller Pit near Joliet and presents some
rather unusual characteristics. The color is reddish yellow, due
to the large amount of clay present. The grains appear quite
FIG. 17.
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uniform in aize and rouridod in shape. The siove analysia (see
Plate 18.) shows that the greater part of the raaterlal lies, be-
tweeh the No. SO and the No. 60 sieves. Below the No. 40 sieve the
curve follows the parabola quite closely and in addition lies
II
on the outside of it, being quite exceptional
in this respect. This is undoubtedly due to
the extremely large amount of suspended mat-
ter (18.3^) present in the sand. This sus-
pended matter is almost entirely composed of
clay and adheres very tightly to the grains,
fully half of it normally coating them, mak-
PIG. 18a.
ing it almost impossible to determine the
composition. On wetting the clay becomes
gummy and the loose portion unites with the
other making it impossible to wash the sus-
pended matter out without thoroughly scrub-
bing it. The specific gravity is 2.66, the
weight per cu. ft. 100.2 lb., and the per-
centage of voids 39.7 . FIG. 18b.
Sample No . 18W. (Fig. 18b.) This sand is the same sand as
Sample No. 18 with the exception that it has been thoroughly
washed (18.3^ removed). In washing it undergoes quite a visible
change, apparent to some extent in the photographs. (Compare
Figs. 18a and 18b,) The color changes to gray and the grains
I
are shown to be quite irregular in shape. In fact this is the
sharpest of the sands tested with the exception of Sample No. 21.
There is considerably less quartz than usual, fully half of the
grains consisting of limestone, granite, shale and ocheroue rocks.
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there being quite a considerable amount of soft material. The
tensile test of the unwashed sand gives quite low results on
account of the soft material and the large amount of clay. The
tensile strength of the washed sand is about 35^ higher than that
of the unwashed sand and would doubtless be still higher were it
not for the soft materials in the sand.
Sample No. 19. (Fig. 19.) This is a bar
sand from the Mississippi River a few miles
above Moline. The bars are constantly shift-
ing and hence the sand is more or less vari-
able in character. It is gray in color and
is composed principally of quartz with some
flint, limestone, and granite. Referring to
the sieve analysis (see Plate 19.) it will
be noted that the sand is quite fine, 88.6^
passing the No. 16 sieve, but that there is a decided deficiency
of very fine material, there being no suspended matter and but
0.2^ passing the No. 100 sieve. The specific gravity is 2.65,
the weight per cu. ft. 112.0 lb., and the voids 32.3^.
Sample No. 20. (Fig. 20.) This sand, ob-
tained from banks near Urbana, is quite vari-
able in character but the sample used was fair-
ly representative. It is yellowish in color
and contains some granite, flint and chert.
The grains are rounded and coated to a con-
siderable extent with clay of which there is
The sieve analysis (see Plate 20.)
PIG. 19.
FIG. 20.
shows this sand to be composed of about 80^ of uniformly graded
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material smaller than the No. 30 sieve and 20fo of coarser material
also uniformly graded. The sand shows quite a tendanoy to form
lumps on drying but when wet behaves a good deal lilce quiok-sand.
The use of this sand has been almost abandoned on account of its
v<?.riable character, the limited deposits and the shipping in of a
good sand (Sample No. IS.) at a price to compete with it. The
specific gravity is 2.65, the weight per cu. ft« 107.5 lb., and
the percentage of voids 35.0 •
Sample No. 21. (Fig. 21.) This sand is
dredged from the bed of the Mississippi River
at East St. Louis and varies but little in
character. It is gray in color and contains
some granite and flint. This is the sharpest
of the natural sands, the grains being quite
irregular in shape and the edges but slightly
rounded. The grains are quite smooth, those
of quartz (forming the greater part of the sand) being quite trans
parent with glassy surfaces. The sieve analysis (see Plate 21.)
shows that this sand is not as well graded as some of the others
but in spite of this it has the lowest percentage of voids. The
specific gravity is 2.65, the weight per cu. ft. 115.8 lb., and
the voids 30.1^.
Sample No. 22 . (Fig. 22.) This sand is
taken from the shore of Lake Michigan near
Waukegan. The character of this sand varies
from time to time as the result of storms.
This sample is dark gray in color and shows
quite a variety of different components. The FIG. 22.
FIG. 21.
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principal ones aro quartz, flint, limestone, granite, oandatone,
shale, cinders, and coal. The last two are present to such an
extent as to indicate that their presence is due to some other
cause than transportation. There is barely a trace of suspended
matter. The sieve analysis (see Plate 22.) shows this sand to be
quite fine, 85.8^ passing the No. 16 sieve. The specific gravity
is 2.68, the weight per cu. ft! 112.5 lb., and the voids 32.7^.
Sample No. 25 . (Fig. 23.) This is a
bank sand from limted but fairly uniform de-
posits near Paris. As shown by the sieve an-
alysis (see Plate 23) this sand is very fine,
98.1^ passing the No. 16 sieve, there being
but an occasional large grain. It is very
light yellow in color and contains some lime-
FIG. 23.
stone and chert with 1.2^ of suspended matter.
The grains are all well rounded. The specific gravity is 2.665,
the weight per cu. ft. 108.3 lb., and the percentage of voids 35.2.
Samplo No. 24 . (Fig. 24.) This is a bank
sand from limited but vary uniform deposits
near Taylorville. The mortar made of this
sand is reported as working best when the
proportion of cement is small and a great deal
of this kind has been used but as might be ex-
pected has not proved durable. The sand is
FIG. 24,
light yellow in color, the grains being quite
rounded and composed principally of quartz with some limestone and
shale. As shown by the sieve analysis (see Plate 24.) this is the
finest sand tested, 100^^ passing the No. 16 sieve, 99.5% passing the
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No. 40 sieve, and 75.4^ passing the No. 60 sieve. It is also the
lightest sand, its weight per cu. ft. being but 99.7 lb. There
is 4.0^ of suspended matter and the sand shows a decided tendancy
to lump on drying. The specific gravity is 2.635 and the voids 39.
Sample No. 25. (Fig. 25.) This sand,
furnished by the Halliday Sand Co. of Cairo,
comes from the bed of the Ohio River near that ^^^^^^^^^^^^^H I
city. It is gray in color and contains some ^^^^^^^^^^^^^M
granite and limestone, the grains being some- ^^^^^^^^^^^^^B
what rounded. According to the sieve analysis
^^^^^^^^^^^^^|
(see Plate 25) it is mcTerately fine, being
PIG. 25.
deficient in both coarse and very fine grains.
The suspended matter amounts to 0.3^. The specific gravity is
2.645, the weight per cu. ft. 107.8 lb., and the voids 34.7^.
||
Sample Ho. 26 . (Fig. 26.) This is a
sand from the Mississippi River at Hannibal,
Mo. It is bluish gray in color and contains
considerable flint, granite, and chert, the
grains being moderately round. The sieve
analysis (see Plate 26.) shows that it is de-
ficient in both coarse and very fine grains.
FIG. 26.
There is but 0.2^ of suspended matter. The
specific gravity is 2.68, the weight per cu. ft. 115.0 lb., and
the percentage of voids 31.3 •
Sample No. 27 . (Fig. 27.) This is a bank sand from deposits
of variable character near Beardstown. It is reddish yellow in
color due to 4.4^ of reddish clay which adheres to the grains. It
contains some granite, limestone, and flint and shows a tendency
I5
I
1
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to form lumps. Tho sieve analysis (seo
Plate 27.) shows that it is extremely fine, H^I^IIHHI^I
practically all passing the No. 16 sieve, and ^^^^^^^^^^^^H
47.4^ passing the No. 60 sieve. It is next in ^^^^^^^^^^^^H
fineness to Sample No. 24. This sand has been ^^^^^^^^^^^^H
used a great deal and has given fairly satis- ^^^^^^^^^^^^H
factory results. The specific gravity is 2.605,
the v/ei;_iht per cu. ft. 101.0 lb., and the per- PIG. 27.
oentage of voids 37.9 •
Sample I-To. 28 . (Fig. 28.) This sand is
from the Wabash River near Mt. Carmel. It is
yellowish gray in color and contains some flint,
granite and cinders. The sieve analysis (see
Plate 24.) shows it to be almost as fine as
Sample No. 27. It is the finest and also the
dirtiest river sand tested, there being 2.4^^
PIG. 28.
of suspended matter. The grains are all well
rounded. The specific gravity is 2.635, the weight per cu. ft.
104.9 lb., and the percentage of voids 36.5 •
Sample No. 29 . (Fig. 29.) This is a
bank sand from along the Little Vermillion
River above LaSalle. It is gray in color and
is composed almost entirely of quartz, the
grains all being well rounded. The sieve anal-
ysis (see Plate 29.) shows it to be very fine,
99.3^ passing the No. 16 sieve and 26.0^ the FIG. 29.
No. 60. There is 3.2^ of suspended matter. The
specific gravity is 2.65, the weight per cu. ft. 106.7 lb., and
the voids 55.55^.
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FIG. 30.
Sample No. 50. (Fig. 30.) This sand is
from the Crescent Gravel Pit near Peoria. It
is yellov/iah gray in color and contains some
shale, flint, and granite. The grains are
rounded and quite fine, 90.3^ passing the
No. 16 sieve and 17.8^ the No. 60. (see Plate 30)
There is 2.7^ of suspended matter. The specif-
ic gravity is 2.665, the weight per ou. ft..
111.9 lb. and the percentage of voids 32,9 •
Sample No. 51 « (Fig. 31.) This sand was
taken from a large sewer trench near the center
of the city of Peoria. It is yellowish gray in
color and contains some flint, granite, lime-
stone and chert. The medium sized grains are
the more angular. There is 1.9^ of suspended
matter and the sieve analysis (see Plate 31)
shows the sand to he quite fine, 86.5^ passing
the No. 16 sieve. The specific gravity is 2.64, the weight per ou.
ft, 108.7 lb., and the percentage of voids 36.9 .
Sample No. 32 . (Fig. 32.) This is a bar
sand from the Illinois Rivor above Peoria. It
is brownish gray in color, about half of the
grains are quartz, the remainder being flint,
limestone, granite, chert, and cinders. The
suspended matter amounts to 0.6^. The sieve
analysis (see Plate 32) shows this sand to be PIG, 32.
very fine, 97,15;^ passing the No. 16 sieve. The specific gravity
is 2.66, the weight per cu. ft. 108.7 lb., and the voids 34.6^.
FIG. 31.
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SUMMARY OF CHARACTERISTICS.
Composition . The sands used in the important cities of Ill-
inois are, almost without exception, composed of minerals which are
quite hard and dura^ble. SOJne few samples contain an appreciable
amount of soft material, although in each case this soft material
appears to be of such a character as to reduce the strength of the
mortar without affecting its durability. By far the greater number
of samples contain a very large proportion of quartz, but the other
materials present are usually equally good.
Specific Gravity . The specific gravity of the sands varies
from about 2.60 to 2.72. Sands com.posed almost entirely of quartz
have a specific gravity of 2.65 to 2.66. Other materials thar
quartz affect the specific gravity of the sands in proportion to
their amount and character, but the determination of the specific
gravity gives little information concerning this. However, if the
specific gravity is greater than 2.66 it is probable that all of
the materials are hard and durable; whereas if the specific gravity
is less than 2.65 the chances are that there is some soft and un-
desirable material present.
Sharpness « The sands vary in sharpness from the standard
sand v/ith its regular shaped, alm.ost globular grains, to Sample
No. 21 with its grains of great irregularity whose edges are but
slightly rounded by wear. The greater num.ber of sands show a de-
gree of sharpness about midway betv/een these tto extremes. The
sharpness, hov/ever, ©.ppears to have little or no effect on the ten-
sile strength of the mortar.

Fineneso « Almost all of the nanda are quite fine, only two
or three sampleB oven approximating an ideal gradin^^, and several
being extremely fine. T' ere is a universal deficiency of coarse
grains and in several cases a deficiency of very fine material also.
These deficiencies are made up by and excess of grains from 0.007
to 0.02 in, in diameter (btv/een sieves No. 74 and 30.) This excessA
of material is composed almost entirely of quartz and all of the
quartz sands are quite fine. There is but a small amount of quartz
grains which would be retained on a No. 16 sieve. The coarse grains
are invariably of materials which are harder and less easily crush-
ed tban the quartz.
Cleanness . The sands are, or the average, quite clean, in
one case only is there sufficient suspended r^atter to have any con-
siderable effect on the mortar. For the most part the river and
lake sands are much cleaner than the bank sands, the average amount
of suspended matter in the former being but about 0.3^ and in the
latter about 2»2fo (omitting Sample No. 18.) A number of tests on the
effect of washing the sands indicate that the suspended matter '
present had no appreciable effect on the strength of the mortar ex-
cept in the cases of Samples No, 7 and 18.
Crushed Stone Screenings . The tests on the two samples of
crushed stone screenings indicate that this macerial is the equal
if bot the superior of the best natural sands. The limestone
screenings gave the strongest mortar tested and the sandstone
screenings a strength quite comparable with the natural sands. The
presence of more coarse material and the greater roughness of the
particles undoubtedly tend to increase the strength.
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Specifications . The ordinary specifications that sand shall
be "clean, sharp, and coarse" are not sufficient to secure the best
sand. The terras used are too indefinite to allow of rigid enforce-
ment or even of a fairly reliable interpretation. Moreover it is
likely that the sand will be judged by its apparent cleanness and
sharpness and the coarseness not given due weight, vrhereas these
tests show that the sharpness is of relatively small importance
and that cleanness is secondary to composition and gradation of
sizes. Specifications should therefore be written to cover the
composition, fineness, and cleanness, giving definite limits for
each of these, in order that the specifications maj^ serve the pur-
pose for which they are intended. :
Illinois Sands . Sam.ples Ko. 14, 5, and 1? are, in order, the
best graded sands tested, and as v/ould be expected yield the strong-
est m-ortars. They are composed entirely of hard, durable minerals
with the exception of Sarar^le No. 14 which contains some soft mater-
ial and as a result ranks third in strength in place of first. These
sands are the best sands tested and are quite satisfactory for all
classes of work.
Sample No. 7 is the next to the dirtiest sand tested, it con-
taining 8,0fc of suspended matter. It contains some soft material
but not enough to impair the strength. A thorough washing increas-
ed the strength but about 8,0% at 28 days and as commercial washing
is not likely to be as efficient as the laboratory washing and
therefore it would probable not be advisable to attempt to wash it
in practice. This sand yields a mortar which is fairly strong and
it therefore appears that this sand does not merit its name of "too
dirty for concrete".
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Sample No. 10. is the poorest in quality of all the Bands test-
ed, combining as it does poor grading with a large amount of soft
material and an abnormal amount of suspended matter (10.3^) The
strength of the mortar is very low and although a thorough washing
increased it about 35^ it is still comparatively low. It Y;ould
therefore be economical to entirely abandon the use of this sand
and import a good sand from elswhere, and in this case a good sand
(Sample No.l7.) is obtainable within a short distance.
Samples No.l, 23, 24, 27, 28, and 29 are all quartz sands of
extrem^e fineness. They are excellent sands for concrete block fac-
ings and similar purposes where a smooth finish is desired and for
grout filler but they yield a mortar which is too v/eak for general
v;ork. It would therefore be much more economical for these cities
to import good coarse sands for concrete work.
All of the remaining samples are comxposed of first class mat-
erials but are, on the average, too fine for the best results. All
of them, however, could be greatly improved by mixing a judicious
amount of coarse material with them and it would doubtless be good
policy to import at least sufficient good sand for this purpose.
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aO_NC IiUSI_ON_ .
While this series of tests does not include all of the |!
sands in cormion use in the important cities of Illinois, a suffic-
ient number have been tested to furnish information concerning the
mortar making qualities of sands available in various sections of
the state.
The results show that the sands from any loijality may be
quite variable in their mortar making qualities, and that the var-
iation ray be so great that a. stronger mortar per unit of cost B":ay
often be obtained by substituting a lean mixture of one sand for
a rich mixture of another even though the first sand may be consid-
erably the m-ore expensive. For example. Sample No. 18 yields a
mortar very m,uch weaker than Sample No. 17 (see Table 1, p. 49.) and
in accordance with the laws of proportioning (see page 4.) would
require a very rich mixture, probably richer than a 1:1, to equal
No. 17 in strength. Since the saving in cement by changing from a
|
I
1:1 to a 1:5 mixture amounts to considerably more than a barrel per
i
cubic yard of sand it is evident that Sample No. 17 could be substi- i
tuted for Sample No. 18, even at a very consid'erable increase in
cost per cubic yard and the resulting mortar still be stronger per
\
unit of cost than if Sample No. 18 were used. Several such exam.ples
can be found among the sands tested and therefore a comparison of
the results should serve as an index to the engineer as to when
the local sand will prove satisfactory or v/hen he would probably
be justified in obtaining sand from other localities, even at con-
siderable cost.
results show further that the choice of the best sand
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is a problem which requires care, good judgment, and a knowledge
of the sands available. In important work, whore the bept mortar
obtainable ir required, an investigation of the available sands
would doubtless be well worth the time and expense required to
m.ake it.

. TABLE 1
TEN51LE: STRENGTH- |:3 MORTAR.
SAMPLE
N9 NAME
AGE
DAYS
TENSILE 5TREN6TH-P0UND5 PER 5Q. IN.
INDIVIDUAL BRIQUETTES
00 NeatCement
*
—
7
7 645 640 690 6Z0 - 64-Z
ZQ 780 730 770 .760 720 - 772
30 755 820 765 780 - - 785
Ottawa
standard
O r\ ~~Z /**\ZO- 30
7 220 200 220 230 230 — 225
ZQ 3IO 300 315 340 315 295 313
90 375 365 373 370 360 365 368
1
Chicago
K.I. Co.
7 1 15 1 lO 106 113 108 — \ 1 1
Z8 205 195 190 200 165 195 192
yo 210 210 210 I90 205 — 205
z
Chicago
Z-R.Co.
7 150 175 175 145 I50 — 159
300 260 275 290 250 270 ZlA-
90 315 3fO 330 290 — — 311
3
Chicago
K.I.Co.
7 200 220 205 170 1 80 — 195
28 265 295 260 Z70 305 290 281
90 320 310 320 305 315 — 314
4
Jo 1 iet
Limestone
7 220 240 200 210 220 - 2(8
28 295 335 365 350 330 - 335
90 450 530 503 460 — - 485
5
El 1 g i n
Hamond Pit
7 245 270 240 220 250 — 245
28 380 375 395 425 410 380 394
90 465 455 450 445 490 480 464
6 LI gin
Stimpson Pit
7 100 180 ZIO 225 ZIO 200 203
28 340 340 360 350 390 - 356
90 415 420 405 400 — - 410
7 Bloomington.
7 225 230 225 235 2\o 225 225
28 ^25 265 Z50 240 255 260 246
00 295 305 Z75 285 270 — 286
8 Rockford
7 250 240 260 230 24 5 265 248
28 335 345 350 355 330 340 339
90 385 360 4lO 360 395 3 85 386
9 Lincoln
7 235 220 230 2 lO 20O 205 2 17
28 285 270 2 73 285 275 290 279
90 310 310 290 300 300 305 303
10 Alton
7 185 ISO 175 18S ISO 175 175
28 245 230 250 235 zzo 260 243
90 275 270 260 270 ZIO ZIO 269

TABLE! 1
TEN5ILE STRENGTH - |:3 MORTAR.
SAMPLE
N9 NAME
A6E
DAYS
TELNSILL STRENGTH- P0UND5 PER SQ.IN.
INDIVIDUAL BRIQUETTES AVERAGE
11 Alton
7 180 193 210 195 190 — 1 94
ZS 245 235 250 245 240 — 24 3
30 270 285 295 280 270 zao 280
12
Covington
I nd.
7 ZOS 185 2O0 ZOO 205 1 95 1 98
Z8 265 280 250 280 285 245 267
90 315 315 3IO 305 315 300 310
13 Gladstone
7 l3o 180 ISO I70 170 180 1 78
AO 230 220 ZOS 210 225 220 218
yo 250 235 ZA-0 230 240 250 241
14 Decatur
-7
1 270 3IO 285 285 305 265 287
/i8 380 375 355 335 360 — 365
90 425 435 42,0 430 430 — 428
15 Freeport
7 245 205 ZOO 220 I90 225 2 14
28 275 285 270 260 265 265 270
eo 335 330 320 315 310 295 317
16 Sandstone
v^C'l III ly O
7 ISO 180 195 220 I70 195 190
Z8 220 25-0 240 210 2 50 235 234
30 235 260 270 270 300 280 269
17 Aurora
7 270 Z90 260 21 270 — 272
ZS 30O 415 400 435 4|0 — 4-10
so 470 4-60 450 A50 440 — 454
18 Jo 1 let
7 \20 I30 98 lOO lOO loo 108
Z8 \oo I05 125 lis \40 I60 124
90 145 I70 155 150 ISO 175 159
18W J o \ 1 e t
(Washed) 28 ISO 170 190 175 185 185 I7e
19 Moline
7 \<bO ISO 175 I70 I60 ISO 171
28 2 SO 225 235 245 239
9o 275 260 260 245 240 265 257
20 Urbana
7 I90 185 I90 200 200 195 193
28 240 240 2 30 220 245 265 240
90 365 320 315 310 34-0 350 330

TABLE 1.
TLN51L.E STRENGTH.
SAHPLE
N9 NAME.
AGE
DAYS
TEN5ILE STRENGTH- POUNDS PER 5Q.IN.
INDIVIDUAL BRIQUETTES AVERAGE
z\ E. 5T. LOUIS
7 I70 185 170 leo 170 175 172
^8 195 210 205 190 2 10 230 207
90 285 275 230 245 245 265 258
zz WAUKEGAN
7 140 145 160 175 155 140 1 58
^s 235 230 225 225 230 220 228
90 300 270 280 3IO 305 3IO 296
23
7 1 25 1 30 1 zo 130 1 20 1 15 1 23
28 200 200 200 205 190 I90 198
90 260 245 285 -265 245 255 259
24 TAYLORVILLE
7 I 1 O lOO too I 15 1 30 135 1 13
Z& I40 1S5 150 155 135 I60 149
90 ZlO 220 195 220 ZOO 220 211
25 CAIRO
7 \55 155 I40 155 175 I40 153
28 260 210 2 55 220 245 240 234
90 300 295 30O 325 280 285 298
2G H^NNlBAL3M0.
7 160 ISO 150 175 175 180 165
28 220 200 205 225 ISO 220 208
90 290 270 290 275 275 275 273
27 BEARD5T0WN
7 95 80 90 90 90 70 86
28 115 105 lOO 105 115 lOO 107
90 14-5 1 30 \50 135 135 145 MO
28 MT. CARMEL
7 1 00 lOO 85 100 100 1 05 99
28 140 135 130 140 125 140 135
90 185 175 175 165 160 I60 (70
29 LA 5ALLE
7 130 I 20 130 1 10 lOO 1 lO 117
28 200 180 175 1 90 too I70 186
90 175 ZOO 185 I9P 2IO ZOO 194
30 PEORIA
7 195 170 180 185 170 170 178
28 ZOO 205 200 205 210 210 205
90 235 260 265 260 280 270 262
31 PEOR\A
7 165 140 175 185 150 185 I 67
23 2IO 220 230 200 235 23 5 221
90 315 320 235 285 320 300 306
32 PEORIA
7 120 I lO I OS lOS 1 15 125 1 14
28 155 155 145 14-5 I60 160 153
30 185 I70 190 ISO 165 180 178

T/\Bi_El e.
5IE1VE ANALVSIS.
5AMPLE
N?
name: 5U5PENDED MATTER
PERCENT BY WEIGHT PA551N6 51 EVE N9
\U\J ion /^
•
1O 1 O O OP In
1 Chicago, K.I.Co 0.3 — — 4.2 48.6 69,5 96.4 99.1 997 99.8 — 100.0 - 100.0
z do. Z-R.Co 0.3 — -- 2.5 ZOO 259 77 3 875 937 94.7 — 99.1 - 100.0
3 do. K.I.Co. 0.3 — — 2.4 9.9 15.9 49.1 690 78,3 79.8 — 89.1 — lOO.O
A Limestone 5cr. o.o — — 8.
1
9.3 10,7 14.9 15.5 19.9 21.2 — 52.3 — lOO.O
5 Elgin l.O - - 2.8 5.0 7,4 20,9 36,4 31.7 55.0 - 84.0 - 100.0
6 do. 0.9 — — 2.1 5.2 9.0 23.6 39.2 60.
1
65.5 - 97.3 - lOO.O
7 Bloomington 8.0 9.0 9.7 11.^ 19.8 21.7 43,0 56.5 672 699 &5.a> 92.1 96.6 lOO-O
a RocKford 0.6 - - 1.7 53 10.6 25,1 343 60.0 682 - 98.0 - lOO.O
9 Lincoln 1. 1 - — 2.4 4.1 6.5 26.7 46.4 61.7 65.8 — 95.4 - 100.0
I Alton 0.3 - — 1.2 5.2 lO.S 4S.6 70-2 878 90.3 — sa.z - 100.0
do. 0.2 — — 2.2 5.3 8-9 301 53.8 76.2 80,0 — ei.o — 100.0
12 Covington, Ind. 1.5 — — 3.6 57 7 6 19.8 31.6 479 53.3 - 93.5 - lOO-O
13 Q ladstone 0.2 — - I. I 6-8 12,9 63.8 88.8 970 97,9 — 99-8 — 1 00.0
14 Decatur 2.5 Z.9 3.1 3.9 6-0 78 21,0 35.8 45.9 487 71,6 81.5 93.7 lOO.O
15 Freeport 1.3 3.0 3.7 6,6 14.4 185 43,9 63.6 79,2 82,5 972 99.2 99.9 10O.O
16 5and5tone Sci 0.0 — — 0.2 1.4 42 30.9 63.2 82.9 864 — 9&3 — \00.0
17 Aurora 0.5 — — 0,9 I.I 1.6 12.3 35.0 557 61.3 - 97.S — lOO.O
18 J o 1 1 e + 18.3 19.3 I9.S 20.2 21.1 22,2 32.5 63.7 94.8 96-9 99.5 99,7 99-9 loo.o
19 N o 1 1 n e O.O 0.0 O.I 0.2 1.6 4.3 35.2 67 1 85,8 886 969 98.3 99.4 lOO.O
20 Urbana 3.5 6.7 8.6 170 :39,| 52.4 74,4 79.6 83.5 84,3 92.3 95.3 98,3 lOO.O
21 E. St. Louis Trace 0.4 0.7 1.8 5.9 9.9 39.5 551 79,4 82.6 95,9 978 99.4 loao
22 \A/ciukeQan O.O O.I 0.2 0.6 8,8 12.1 38.4 61,7 82,0 85.S 98, 99-0 100.0 loo.o
23 Pari s 1-2 1-7 2.1 4.3 129 16,9 64.4 91,4 976 96. 1 99, ( 99.4 998 |O0,
24 la/lorvil le 4,0 7 4 9.4- zt.\ 55.6 75.4 99.5 99.8 99,9 \00P- 100.0- 100.0 \00.0 \oo.o
25 Ga i ro 0.3 0.4 0,5 0,8 2.5 3,9 24.9 62.9 61-9 84.8 95.7 98./ 99,8 10O,O
26 Hannibal, Mo.
^
2
0.2 0.3 0,4 0.9 3.9 7,4 33 2 58.5 76.9 80,4 93,3 96.1 99,3 lOO.O
27 Beardstown 4.4 <6.h 7.6) 13.2 353 474 97-0 99,6 100.0- lOO.O- lOO.O 1 00.0 loo.o
28 Mt. Carmel 2.4 2.6 Z.7 3.9 18.8 34,2 98.7 99.8 99.9 jOO.O- loo.o loo.o lOO.O 100.0
29 La Salle 3.2 4.2 4.5- <oQ> lfo.5 26-0 87,6 97.7 99. 99.3 99,7 99.8 99.9 lOO.O
30 Pe ri a 2.7 3.1 3.S (o.o 14.5 17.8 478 74,9 88.2 90,3 96,7 98,0 99. lOO.O
31 do. 1.9 2.3 2.4 2.6 3.0 4.0 2ao 59.3 83.6 86,5 96.2 979 99.3 lOO.O
32 do. 0.6 0.8 0.9 2.0 9.2 13.3 68-7 89.1 96. 97 1 99.0 99.4 99.7 lOO.O

TABLES.
SPECIFIC GRAVITY- VOIDS-WEIGHT.
1.
1
Lu
_J
H 0'
I z NAME
D
Water dis-
placed by
Cu.Cm.
or Lv^ir iv.y
GRAVITY
\ OO
D
5
500xSp.Gr
W
Weight of
500 c.c. of
^/"i Kid
Grams
VOIDS
5-v^
Percents
WEIGHT
PER
CU. FT.
Pounds.
5t-andard 31.51 2.66 1330.0 870.0 34.6 1087
1 Ghicaoio, K.I.Co. 31.<hZ Z.655 1327.5 847 36. Z I05.8
2 do. 2-R.Go. 31. (b5 2.655 1327.5 871.
O
34.4 108.8
3 do. K.I.Go. -51. IS 2.695 1347.5 922.0 31.6 1 15.1
4 Limestone Scr. 36.40 Z.13 1375.0 983.0 28.5 122.8
5 Ellgin 36.69 Z.IZ 1360. 926. 3 1.9 115.7
6 do 31. Zl Z.68 1340.0 916.0 31.6 1 14.4
7 Bloomington 38. lO Z.625 1312.5 911.5 30.5 1 13.8
8 Rockford 37.51 2.665 1332.5 905. 32.0 113,
9 Lincoln 51.1Z 2.65 1325.0 895.5 32.4 1 1 (.9
\o Alton 38.03 2.63 1315.0 90I. 31.5 112.5
1 1 do. 37.57 2.66 1330.0 917. O 31. I 14.5
\Z Covington, Ind. 37.60 2.66 1330.0 884.5 33.5 110.4
13 Glad stone 37,65 2.655 1327 5 852.0 35.S 106.3
1^ Decatu^' 37.<o0 2.66 I330.O 927 5 30.3 1 15.8
15 Freeport 36.80 2.72 1360.0 912.0 33. 1 13.9
Ifc Sand stone 5cr. 36.97 2705 I3SZ.5 S99.0 33, 112.2
17 Aurora 36.75 Z.IZ 1360.0 894.0 34-.Z 11 1.7
18 J ol iet 37. 60 2.66 1330.0 802.0 39.7 100.2
19 Moline 31.11 2.65 1325.0 S97 32.3 112.
ZO Urbana 31.15 2.63 I325.0 861. O 35. 107.5
Zl E. St. Louis 37.73 2.65 I3Z5.0 927 30.1 115.8
ZZ Wkaukeqan 37.2 5 2.68 1340.0 90I.0 32.7 1 12.5
23 Par IS 37 5Z 2,665 1 332.5 867 O 35.2 108.3
24- Tciy lor V 1 1 le
f-
37.88 2.635 1317,5 798.5 39.4 99.7
25 Cai ro 37.79 2.645 I3Z2.5 86 3. 34,7 107,5
26 Hannibal, No. 37.33 Z.feS I340.O 921.0 31. 3 1 15,0
27 Dcardstown 38.40 2.60S 130 2.5 &03,0 37 9 lOl.Q
Z8 Mt. Carmcl 37. 9O 2.635 1317 5 83v5.5 36.5 I04.4
29 La Salle 37.7 2.65 I3Z5,0 854.0 35.5 106.7
30 37. SO 2.665 1332.5 8 96 5 32.9 1 1 1.9
31 do. 37 8
O
2,64 i3zao 832.0 36.9 103.9
32 do. 37.61 2.66 I330.0 870.0 34-6 108.7
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